Molluscan embryo, Limnaea, RNA-synthesis, RNA and cell cycle, heavy RNA Short (15 min) and long (1 hour or more) pulses with P 32 have been compared at different developmental stages of Limnaea. In short pulses, as opposed to long-pulses, the relative percentage of 4S RNA is at a more or less constant level at all stages of development. Heavy RNA, i. e. heavier than 28S, is traceable with both short and long pulses in the uncleaved and early morula stages. Transcription of heavy RNA seems to decrease significantly immediately before mitosis. No other RNA fraction shows such a marked rhythm associated with mitosis.
Patterns of transcription during embryogenesis
have been studied in the sea-urchin and extensively reviewed by NEMER 1 and GROSS 2 . Nevertheless, EMERSON and HUMPHREYS 3 tried to throw new light on RNA synthesis in sea-urchin. They concluded that rRNA is being transcribed in the embryo from the two cell stage onwards at a constant rate but that at the gastrula stage rRNA is being selectively accumulated because other heavy RNA fractions are being degraded at a rapider rate. The authors therefore emphasize on the degradation rate rather than on the transcription rate. This new idea and the simple technique of comparing the short and long pulses may be valuable for other investigators irrespective of the validity of all the conclusions of the above mentioned authors.
In the case of Limnaea the general pattern of transcription has been established by BRAHMACHARY et al. [4] [5] [6] [7] and rhythms in metabolism of RNA 8 and sulphur-containing compounds 9 in the course of early mitotic cycles have been detected by the same group. In the present paper an attempt has been made to throw further light on the pattern and rhythm of transcription of certain RNA fractions (pre 28S and 4S) in course of early embroygenesis and early mitotic cycles. The heavy (pre 28S) RNA in embryogenesis has already been reported in sea urchin 10 ' n , Xenopus 12 , Urechis 13 ' 14 and
Artemia 15 .
Materials and Methods
Limnaea eggs were obtained from snails cultured in the laboratory. The techniques employed for incubation with P 32 , test for bacterial contamination, and electrophoretic separation of RNA fractions have been described in previous papers 5 ' 6 . Instead of ion-agar, in the present series of experiments 3 , Agarose InstantGel (Serva, Heidelberg) was used. Rat or mouse liver RNA, presumed to be 28S, 18S and 4S were used as markers. Electrophoresis was carried on for 30 -40 min with 350 V and 20 mA per slide. The separation between the markers could be 1 cm or so in good conditions so that there was no difficulty in cutting out the intermediate regions for testing counts. C 14 -uracil was used in an attempt to determine the end-labeling (or otherwise) of 4S fraction.
Results
In view of the fact that long pulses (1 hour or more) were used in all earlier investigations [4] [5] [6] [7] much shorter, namely 15 min pulses were under- tain earlier findings on rhythmic RNA synthesis during the first three cell-division cycles 8 . Table II shows a representative example of the transcription rates during 15 min pulses in the first and second half of the first mitotic cycle (1-2 cell) which takes place during about 1 hour. The pulse of the first half comprises the first 15 min starting from the just cleaving stage. The pulse of the second half was initiated at the "compressed" stage (i. e. 30 min after beginning of cleavage or 15 min after the end of the first pulse) and lasted for the next 15 min.
On calculating the percentages it is seen that pre 28S or heavy RNA (ranging from above 28S to an undetermined, high value) comprises about 50% of total RNA transcribed during the pulse period within the first half of the cell cycle. The corresponding value in the second half is considerably lower. Of all the RNA fractions, this undergoes the most drastic change (Table II) . By contrast, 4S RNA fraction is definitely not lowered down in the second half of the mitotic cycle. Other fractions show less marked variations. Table III shows the comparative values of pre 28S and 4S fractions. With the help of longer electrophoretic runs, when 28S migrated far from origin, the different pieces of gel from origin to 28S were tested for counts. The results indicate that the major part of the heavy RNA is a broad peak of high S value, being nearer to origin than to 28S. In order to prove that this heavy fraction is RNA, it was hydrolyzed with NaOH (0.3 N) and the hydrolysate, together with "cold" markers, was separated with the help of paper electrophoresis. The electropherogram was developed in contact with an X-ray plate and it was seen that the dark spots on the plate coincided with the A, U, G, C markers. In another experiment with A and U markers only, counts were found in the electropherogram in the A and U region. Base composition has not yet been attempted.
In order to determine the transcription of heavy RNA during long pulse, the different RNA fractions were determined in case of a 2 hour pulse starting at the 2-cell stage. The table shows that considerable heavy RNA is traceable with this long pulse. The present results with 28S and 18S as markers (Table II ) also show that counts at the region 28 -18S i.e. 23S are greater than at 28S, so that the nature of the peak is still similar to that of the earlier results namely a broad peak at approximately 23S. The density-gradient profiles of Limnaea RNA with E. coli RNA as standards have been published 4 -6 . It is also to be noted that unlike earlier experiments, very short pulses were used here in order to investigate the little studied aspects of RNA metabolism during development, namely rate of synthesis versus rate of accumulation and changes in the rate of synthesis during the Cell-Cycle. The very short pulses may be responsible for the slightly different profiles obtained here.
In order to determine whether incorporation into 4S indicates merely end-labeling (in CCA terminal) or real transcription, the fractionation experiment was repeated with C 14 -Uracil instead of P 32 . Incorporation of C 14 into 4S fraction was found to be comparable with P 32 experiments.
Heavy RNA was also detected in the earliest available stage namely fertilized but uncleaved egg (Table V) in case of 15 min pulse. show that 4S labeling in the short pulse does not decrease in the second half of the first cell cycle.
It is therefore possible that the low labeling in 4S preceding mitosis as revealed by long pulses show a differential degradation rate.
However there is a significant decrease in the transcription of pre 28S RNA in the second half of the mitotic cycle as shown with short pulses. Thus, differential transcription as well as degradation seem to take place. Characterization of the pre 28S
RNA by determining the base composition and pulse chasing with C 14 -methyl-methionine has been undertaken.
Addendum
Short (15 min) pulse with C 14 -methyl-methionine in the uncleaved stage shows clearly a maximal incorporation in the heavy pre -28S RNA. Inporporation is detectable in the less heavy RNA fractions.
It is comparatively slight in the 4S RNA. 
